Abstract: In this paper, a radial basis function (R BF) neural network adaptive sliding mode control system based on feedback linearization approach is developed for the current compensation of three-phase active power filter(APF). RBF neural network is used to approximate the switch function of IGBT in APF combined with feedback linearization approach. The weights of RBF neural network are adjusted by means of adaptive method and the stability of the system can be guaranteed. With this method, the harmonic current of non-linear load can be eliminated and the . � uality of power system can be well improved. The advantages of the adaptive control, neural network control and shdmg mode control are combined together to achieve the control task. Simulation results demonstrate that the control system has good control performance and can compensate harmonic current effectively.
INTRODUCTION
Active power filter are commonly used to deal with the increasing harmonic current in electrical system nowadays, which degrade the quality of power system. Real APF systems are often complex with characters of non-linearity, time-varying and uncertainty, which is hard for us to get accurate mathematical model. In order to improve the performance of the controller of APF, adaptive control, neural network control, fuzzy control, sliding mode control have been proposed to control the APF. Komucugil et al. [1] derived a new control strategy for single-phase shunt APF using a Lyapunov function. Rahmani et al [2] presented an experimental design of a nonlinear control technique for three-phase shunt APF. Shyu et al. [3] proposed a model reference adaptive control analysis for a shunt APF system. Chang et al. [4] investigated novel reference compensation current strategy for shunt APF control. Matas et al. [5] developed a feedback linearization way of a single-phase APF via sliding mode control. Valdez et al [6] designed an adaptive controller for shunt active filter in the presence of a dynamic load and the line impedance. Marconi et al [7] developed robust nonlinear controller to compensate harmonic current for shunt active filters. Bhende et al [8] designed a TS-fuzzy-controller for load compensation in active power filter.
The tracking control using neural network for nonlinear dynamic system has become a promising research topic since neural network can approximate any nonlinear function. Man et al. [9] derived an adaptive backpropagation (BP) neural network controller . Neural sliding mode control approaches have been developed for robot manipulators [10] [11] . Abdeskam et al. [12] designed a unified artificial neural network architecture for active power filters. Bhattacharya et al. [13] proposed an ANN-based predictive and adaptive controller for shunt active power filter. Fei et al. [14] developed a novel three phase active filter based on neural networks and sliding mode control. Valdez et al [15] proposed a pulse width modulation control with two blocks that include neural networks which estimate the reference compensation currents. Kandil et al [16] developed a novel three-phase active filter based on self recurrent wavelet neural networks and sliding mode control. Radzi et al [17] employed neural network and bandless hysteresis approach to reduce harmonics in switched capacitor active power filter.
In this paper, an input-output linearization technique is incorporated into the adaptive neural control to cancel the nonlinearities and the neural controller whose parameters are updated from the Lyapunov approach is used to perform the linearization control law. An adaptive controller combining the advantages of feedback linearization approach, adaptive control, RBF neural network and sliding mode control and strategies is designed to reduce harmonics in shunt active power filter. Such the comprehensive combination could improve the power quality and control performance of APF. The contribution of this paper can be summarized as: 1).The sliding mode technique has been combined with the feedback linearization approach and neural network control to achieve the desired elimination of harmonic current in electrical system. The performance of current tracking and total harmonic distortion (THD) can be improved effectively. The adaptive neural network sliding mode control with feedback linearization approach is proposed to deal with nonlinear load in APF system and to improve the performance of current tracking control and robustness.
2).The adaptive RBF sliding mode controller does not depend on accurate mathematical model since it could approximate the nonlinear function of APF. The adaptive neural controller is used to model the relationship between the sliding surface and the control law. The weights of neural network can be on-line adjusted, and the stability of the system can be guaranteed.
MODEL OF ACTIVE POWER FILTER
In this paper, we use three phase three wire shunt active power filter as our control object. The principle of shunt APF is as follows. First, the harmonic current ih is detected and sent to command current operation circuit, where command current { c is defmed. Then, PWM signal is generated by tracking control circuit to control drive circuit. Last, compensation current i c is generated by main circuit and injected into the line to compensate the harmonic current, so the line current is close to sine waveform. The schematic diagram of the three-phase three wire shunt active power filter is shown in Fig. 1 . : _ r i ca + V s a Vdc
where v Ia V s b V s c are voltages of three-phase power system, r is the resistance from power source to inductance on the AC side of APF, L is the inductance on the AC side of APF, Vdc is the capacitors voltage on the DC side ,s is the sliding surface coordinate function to indicate the working state of IGBT. We
it is equal to \ when the
switch is turn on, and it is equal to 0 when the switch is turn off. This is the mathematical model of shunt active power filter.
FEEDBACK LINEARIZATION BASED SLIDING MODE CONTROL
Sliding mode control is a robust control technique which has many attractive features such as robustness to parameter variations and insensitivity to external disturbance. In this section, sliding mode controller can be designed with feedback linearization techniques for the MEMS gyroscope with the unknown system 408 nonlinearities, the feedback linearization based sliding mode control is derived to guarantee the asymptotic stability of the closed loop system. Eq. (1-3) can be written as :
The dynamic model of this APF control system can be expressed as
where
Define tracking error between command current and compensation current as e(t)= i c * -i c
Define sliding surface as set) = ce
where c is constant.
According to feedback linearization technique, sliding mode controller can be designed as
The derivative of the Lyapunov function with respect to time becomes
Substituting ( 
V becomes negative semi-definite, implying that set)
will asymptotically converge to zero, lim set) = 0 , 
ADAPTIVE NEURAL SLIDING MODE CONTROL
We will address the design of adaptive REF network based sliding mode control problem. Because of the great advantages of neural networks in dealing with the nonlinear system, adaptive neural network sliding mode control is adopted to facilitate the control effect of APF. In the practical application of APF, (8) is unknown function, therefore the controller can not be implemented directly and it is necessary to replace I(x) by the RBF neural network output I(x) to realize the adaptive neural sliding mode control.
The structure of RBF neural network is a three-layer feed forward network shown as in Fig. 2 . The block diagram of RBF network is shown as follows: S I ' S2 and S3 are the inputs of neural network , � , h 2 ... hm are Gaussion functions, W I ' w 2 ... wm are the weights of RBF neural network , the output of RBF network is unknown nonlinear function I(x) . The block diagram of sliding mode control using RBF neural network is shown in Fig. 3 . 
where X = i c is the input of RBF neural network, W are weights of RBF neural network and hex) is Gaussion function, hex) = exp ( _ll x :1 I' J
Where d is the centric vectors, a is the base width of RBF neural network.
Assumption. There exists coefficients weight W such that I(x) approximates the continuous function I (x) with accuracy t:., that is max l l j(x)-l(x)II �E (14) Suppose wt is the estimate of 11:' at time t, then the control law becomes
Where (16) Suppose the optimal weight is W;
Where 0t is the set ofwt • Define the minimum approximation error
The derivative of sliding surface becomes s=ce = e(x-xm) = e(/(x) +bu -Xm)
Substituting (13) into (17) 
wt=resh(x)
Substituting (23) into (22) (11), e ( t ) also converges to zero asymptotically.
SIMULATION ANALYSIS
In this section, simulation is implemented to investigate the proposed adaptive RBF neural sliding mode control based on feedback linearization approach for shunt APF. Tn the simulation, the controller starts to work from 0.05 seconds and ends at 0.3 seconds.
added. The THD are 2.77% trom 0.16 to 0.2 seconds and 2.92% trom 0.22 to 0.26 seconds, proving that the proposed adaptive neural network controller with feedback linearization approach has strong robustness towards load disturbances. Figure 9 describes the waveforms of load current, fundamental current and harmonic current. We can see that fundamental current can keep track of load current and the harmonic current can be well eliminated. Figure  10 describes the graph of compensation current tracking command current. We can see that the compensation curr ent can keep track of the command current even when load disturbances are added. So harmonic current can be eliminated and the line current is forced to follow the sine waveform. Figure 11 describes the graph of voltage on the DC side tracking the reference voltage. We can see that overshoots appear when APF takes effect and load disturbance adds, then the voltage of DC side can keep track of reference voltage in seconds. We can conclude that PI controller can make the voltage tracking performance well and maintain in a relative stable state.
, -- Vdc =100uF; Figure 4 describes the wave graph of A phase current before and after the controller takes effect. It can be seen from Figures 5 and 6 that before 0.05 seconds A phase curr ent contains numerous harmonic, and the total harmonic distortion (THD) is 29.45%. After 0.05 seconds, controller begins to take effect, the current wave is close to sine wave and the THD is 3.51% trom 0.07 to 0.11 seconds. Therefore it can be concluded that APF can compensate the harmonic current effectively with the proposed controller. Figures 7 and 8 
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CONCLUSION
An adaptive RBF neural sliding mode control based on feedback linearization approach is proposed for three phase shunt active power filter. A RBF neural network control is used to adaptively approximate the nonlinear function of APF. The weights of the RBF neural network are adjusted according to adaptive algorithm. The sliding mode control is used to improve the robustness of the APF system. Simulation results demonstrate the good compensation performance of the harmonic current and the good robustness of controller towards load disturbances.
